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2OMePS 2'-O-methylated ribonucleotides with phosphorothioate linkage 
BIN1 bridging integrator 1 
bp base pair 
BSA bovine serum albumin 
cDNA complementary DNA 
CELF CUGBP, Elav-like family 
CLCN1 chloride channel 1 
CNBP CCHC-type zinc finger, nucleic acid binding protein 
DM myotonic dystrophy/dystrophia myotonica 
DMD dystrophin 
DMEM Dulbecco's modified Eagle's medium 
DMPK dystrophia myotonica-protein kinase 
DNA deoxyribonucleotide 
DPPC 1,2-dihexadecanoyl-sn-glycero-3-phosphocholine 
DSPE 1,2-distearoyl-sn-glycero-3-phosphoethanolamine 
EGFP enhanced green fluorescent protein 
ESE exonic splicing enhancer 
FBS fetal bovine serum 
Fw forward 
Gapdh glyceraldehyde-3-phosphate dehydrogenase 
GFP green fluorescent protein 
iEMG integrated electromyography 
IgG immunoglobulin G 
INSR insulin receptor 
KO knockout 
Ldb3 LIM domain binding 3 
MBNL muscleblind-like 
mRNA messenger RNA 
NMD nonsense-mediated mRNA decay 
nt nucleotides 
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PBS phosphate-buffered saline 
PCR polymerase chain reaction 
PEG polyethylene glycol 
PMO phosphorodiamidate morpholino oligonucleotide 
QOL quality of life 
RNA ribonuclease 
RT reverse transcription 
Rv reverse 
RyR1 ryanodine receptor 1 
Serca1 sarcoplasmic/endoplasmic reticulum calcium ATPase 1 
UTR untranslated region 
ZNF9 zinc finger protein 9 
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1  
1.1  
 
1.2  
Dystrophia Myotonica
DM DM DM
7500 1 1
10 5 6  
DM
DM
2
DM  
DM
DM1 DM2 1-1 A DM1 DMPK 3'
3' UTR CTG 1, 3-5
5 37 DM1 50
1000 DM2 CNBP/ZNF9
1 CCTG 6
75 11,000 DM1
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1.3 RNA  
DM 3'UTR
DM
RNA DM
7 RNA 3'UTR (CTG)250
8, 
9 DMPK CNBP
DM  
DM CUG/CCUG RNA
10, 11 RNA
MBNL 12 CUG/CCUG RNA
MBNL
1-1 B Mbnl1 Mbnl2 KO DM
CUG/CCUG RNA MBNL
13, 14 DM1
CUG RNA RNA CELF1
RNA DM
15  
1.4 DM  
MBNL
16-18 DM
1-1 C 40
1-1  
DM
CLCN1 1-2
19 DM CLCN1 6B 7A
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nonsense-mediated mRNA decay NMD
CLCN1
CLCN1
20
DM Clcn1
21  
DM INSR 11
22 11
DM
BIN1 11 T
23 DM
 
1.5 DM  
DM
24-28
pre-mRNA
1-3 A
 
20 RNA
29 DNA
DNA
30
DNA/RNA
1-3 B 31 phosphorodiamidate 
morpholino oligonucleotide; PMO RNA
32-35 3 g/kg
26
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1.6  
 
36 HIV-1 Tat
37, 38
39  
1.7  
40, 41
42, 43
 
1-4 A
1-4 B, C
43-49
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50  
51
52-54
42, 55
PEG 1-4 D
56, 57 Optison GE m
200 nm
58  
1.8  
53, 59-61
DM
Clcn1
62
DM
RNA
1-2 CLCN1/Clcn1
-
 
  
10 
 
 
(CTG)n
DMPK
3’ UTR
DM1
(CCTG)n
CNBP
/ZNF9
DM2
1
5-37: 
50-1000: DM1
> 2000: DM
11-26: 
75-11000: DM2
A
DMPK mRNA
CUGexp
3' UTR
MBNL
MBNL
MBNLMBNL
CELF
CELF
CELF
?
MBNL
MBNL
B
C DM1
MBNL
1-1 DM
A DM DM1 DMPK 3'
UTR CTG 50 DM2
CNBP/ZNF9 1 CCTG B DM1
CUG RNA CUG RNA
RNA MBNL
RNA RNA CELF1/2 C
MBNL MBNL
DM1
MBNL
19q13.3 3q21
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DM1*
APP 7 − Jiang et al., 2004
MAPT 2 − Sergeant et al., 2001
MAPT 3 − Sergeant et al., 2001
MAPT 10 − Jiang et al., 2004
MAPT 6d + Leroy et al., 2006
NMDAR3 5 + Jiang et al., 2004
DM1*
ALP/PDLIM3 5b − Mankodi et al., 2005
KCNAB1 2c + Mankodi et al., 2005
MTMR1 2.1 − Ho et al., 2005
m-TTN Mex5 + Mankodi et al., 2005
TNNT2 5 + Philips et al., 1998
SCA5A 6A + ? Fernande et al., 2013
DM1*
ALP/PDLIM3 5b − Lin et al., 2006, Ohsawa et al.,2011
ALP/PDLIM3 5a + Lin et al., 2006, Ohsawa et al.,2011
BIN1 7 + Michel et al., 2013
BIN1 11 + ? Fugier et al., 2011
CAPN3 16 − Lin et al., 2006
CLCN1 Int2 + Charlet et al., 2002
CLCN1 6b + Charlet et al., 2002
CLCN1 7a + Charlet et al., 2002
DMD 78 − ? Nakamori et al., 2007
DMD 71 − Nakamori et al., 2007
FHOS 11a − Lin et al., 2006
GFAT1 10 − Lin et al., 2006
IR 11 − ? Savkur et al., 2001
MBNL1 7 + Lin et al., 2006
MBNL2 7 + Lin et al., 2006
MEF2D beta − Lee et al., 2010
MTMR1 2.1 − Buj-Bello et al., 2002
m-TTN Mex5 + Lin et al., 2006
MYOM1 17a + Koebis et al., 2011
NRAP 12 − Lin et al., 2006
RYR1 70 − Kimura et al., 2005
SERCA1 22 − Kimura et al., 2005
SERCA2 Int19 + Kimura et al., 2005
TNNT2 5 + Philips et al., 1998
TNNT3 Fetal + Kanadia et al., 2003
ZASP 9 + Machuca-Tzili et al., 2006
ZASP 5 + Vihola et al., 2010
ZASP 11 + Lin et al., 2006
z-TTN Zr5 + Lin et al., 2006
z-TTN Zr4 + Lin et al., 2006
SRA Int1 − Hube et al., 2010
1-1 DM1
* + − DM1
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1-2 DM CLCN1
A DM CLCN1 CLCN1 6 7
DM 6B 7A
6 7
CLCN1N
NMD CLCN1
B Clcn1
CLCN1
4 5 6 6B 7A 7 8
4 5 6 7 86B 7A
4 5 6 7 8
4 5 7 86B 7A
4 5 8 9
CLCN1N
CLCN15-8
CLCN16D6B7A
CLCN16B7A
STOP
|
STOP
|
STOP
|
DM
NMD
mRNA
CLCN1
4 5 6 7 87ACLCN17A
STOP
|
Clcn1
4 5 6 7A 7 8
4 5 6 7 8Clcn17A(−)
4 5 6 7 87AClcn17A(+)
STOP
|
A
B
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A
B
1-3
A
snRNP
pre-mRNA
B RNA 2
O
O
Base
OCH3
O
P
O
O S−
O
Base
OCH3
O
P
O
O S−
O
O
Base
OH
O
P
O
O O−
O
Base
OH
O
P
O
O O−
RNA
2'-O-Methylated
Phosphorothioate
(2OMePS)
Phosphorodiamidate
Morpholino
(PMO)
Base
O
P
O
O N
P
O
O N
O
N
Base
O
N
U1
U2
AF U1
U2
AF
U2
U1
U5U4
U6
pre-mRNA
mRNA
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A
B
/
C
PEG
PEG
D
1-4
A
B-C
D PEG PEG
PEG2000 PEG
200 nm
45 
 
2  
2.1  
2.1.1  
HSA
LR
University of Rochester Charles A. Thornton
9
HSA
LR
HSA
3 UTR (CTG)250 HSA
CTG 200
FVBn/Jcl HSA
LR
 
2.1.2  
56
1,2- -sn- -3- DPPC
1,2- -sn- -3- -
DSPE-PEG2000-OMe 94:6 PEG
1:1 v/v /
PBS
47
200 nm 200 nm Nuclepore Track-Etch 
Membrane Whatman Maidstone Kent UK Phospholipid C
2 ml
0.8 ml 1 mg/ml
3 ml
30 kHz 250 W
SONO-CLEANER CA-4481L 1
16 
 
 
2.1.3  
2-1 2-2  
2.1.4  
DM1 2 4 31
DM1 CTG
 
2.2  
2.2.1 total RNA  
DM 10 m 50
500 l TRIzol Reagent Carlsbad
CA USA 300 l TRIzol Reagent
5 12000×g 4 10
160 l 15 3
12000×g 4 15 2-  400 l 10 g
10 12000×g 4 10
75%  500 l 5
2 12 l RNase 
0.5 l total RNA  
2.2.2 total RNA  
total RNA GenElute Mammalian Total RNA Extraction Kit
Sigma-Aldrich St. Louis MO USA total 
RNA Elution buffer 20 l DNase I
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2.2.3 RNA  
PrimeScript 1st strand cDNA Synthesis Kit
total RNA 500 ng 20 l
Random 6mers 50 M 2 l 5
cDNA total RNA HEK293 1000 
ng C2C12 100 ng 10 l
oligo dT primer 50 M 0.5 l 5
cDNA  
2.2.4  
PCR Ex taq  
 
 6.15 l 
10 Ex taq buffer 1 l 
cDNA  1 l 
dNTP 0.8 l 
Forward primer 10 M  0.5 l 
Reverse primer 10 M  0.5 l 
Ex taq 0.05 l 
 10 l 
 
PCR PCR 8% 
20
LAS-3000 Multi Gauge
Clcn1 7A Clcn17A(+) Clcn17A( )
PCR Clcn17A(+) PCR  
2.2.5  
Clcn1 pClcn1 63
CLCN1 pCLCN1
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pClcn1 CLCN1 Clcn1/CLCN1 6
7 pEGFP-C1 BglII-SalI 5
7 pCLCN1 BglII 6 XapI
5 5  
DNA nested PCR 1 2-2 No. 
1 5 6 DNA
PCR 2 No. 2 DNA
DNA PrimeSTAR GXL DNA Polymerase
DNA DNA
MinElute Gel Extraction Kit 2
PCR ZERO Blunt PCR Cloning Kit
PCR CLCN1
Rapid DNA Ligation Kit
XL-10 Gold
DNA
GenElute Plasmid Miniprep Kit Sigma-Aldrich
QIAGEN Plasmid Midi Kit
 
2.2.6  
37 5% CO2 HEK293 C2C12
10% 20% FBS DMEM
Sigma-Aldrich 90 100% HEK293
50 70% C2C12 PBS 2.5%
Sigma-Aldrich 5 10
37 DMEM 10% 20% FBS
10 1  
2.2.7  
HEK293 24 IWAKI AGC
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1.2 10
5
/ 50 ng pCLCN1 0.6 l FuGENE 6.0
12 16 0 100 pmol
2OMePS 2 l Lipofectamine 2000
C2C12 24 3.5 10
4
/ 500 ng pClcn1
0 20 pmol 2OMePS 1.5 2.0 l Lipofectamine 2000 Total RNA
48  
2.2.8 PMO  
PMO PBS pH 7.4
TA 30
2 mg/ml PMO 10 l 30 l
TA H
1 MHz 2.0 W/cm
2
50% 1
SONITRON 1000 Rich Mar Chattanooga TN USA
 
2.2.9  
No. 79100 A-M Systems Sequim WA USA
1 2 mm TA TA
2 2%
37 38
15 Hz 1 kHz
PowerLab 16/30 ADInstruments Oxford UK
10 kHz TA 100 Hz 1 ms
20 SEN-3401
SS-202J
TA
20 
 
 
2.2.10  
TA 2
O.C.T
CM3050
6 m MAS
45 5% VECTOR LABORATORIES
Burlingame CA USA 2% BSA PBS 37 15
1:50 Clcn1 CLC-11A Alpha 
Diagnostic International TX USA 4 PBS 5
12 PBS 1:600 Alexa Fluor 488 IgG 
45 PBS 5
6 Fluoromount/Plus Diagnostic BioSystems Pleasanton CA USA
IX70
 
2.2.11  
9 HSA
LR
TA 0 1.0 1.5 2.0 W/cm
2
50%
1 1% 
5 ml/kg 24 TA
MAS
 
2.2.12 PCR  
Clcn17A( ) Clcn17A(+) StepOne Plus PCR
Power SYBR Green PCR Master Mix DDCt
PCR 10 l 250 ng total RNA
cDNA PCR 20 ng cDNA 20 l
2-2 Gapdh
1  
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pCLCN1 2.2.4
pCLCN1 PCR CLCN1 ex6-7 2-2 No.7
pCLCN1 No.5
GFP GFP
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2-1
5' → 3'
Clcn1 −10+15 CUGCCCAGGCACGGUCUGCAACAGA
+1+25 GGAGAUCAAGCUGCCCAGGCACGGU
CLCN1 6B(+30+54) UCCAUGUGGGGCCACAGGUGAAAGA
6B(−8+17) UGGAGGACAGGCACAGGCUAAACAG
7A(+1+25) GGAGGUCAAGCUGCCCAGGCACGGU
7A(−14+11) CCAGGCACGGUCUGCAACAGAGAAG
7A(+63-8) CAACUUGCCUCCGACAGGGGCUGCA
2OMePS AGACAACGUCUGGCACGGACCCGUC
PMO TGGCACGGACCCGTCGAACTAGAGG
23 
 
  
2-2 PCR
No. 5' → 3'
1
CLCN1 
nested
Fw AGAACTTGCCACCAGACTCG
1
Rv TGGACTAGCAGGGAGAGCAT
2 CLCN1 ex5-6
Fw AAAGATCTGGAATCCCCGAAATGAA
2
Rv TGGACTAGCAGGGAGAGCAT
3 pClcn1
Fw CATGGTCCTGCTGGAGTTCGTG
Rv CTCCAAGTGGTGTTCCAAAACAGC
4 pCLCN1
Fw CATGGTCCTGCTGGAGTTCGTG
Rv CTCCAAGTGGTGTCCCAAAACAAC
5 GFP
Fw CAACAGCCACAACGTCTATATCATG
Rv ATGTTGTGGCGGATCTTGAAG
6 CLCN1 ex5-7
Fw TGAAAGCCTTTGTGGCCAAGGT
Rv CTCCAAGTGGTGTCCCAAAACAAC
7 CLCN1 ex6-7
Fw CATCTGTGCTGCTGTCCTCA
Rv CTCCAAGTGGTGTCCCAAAACAAC
8 Clcn1 ex6-8
Fw GTCCTCAGCAAGTTTATGTCC
cDNA PCR
Rv GAATCCTCGCCAGTAATTCC
9 Ldb3
Fw GGAAGATGAGGCTGATGAGTGG
Rv TGCTGACAGTGGTAGTGCTCTTTC
10 Mbnl1
Fw GCTGCCCAATACCAGGTCAAC
Rv TGGTGGGAGAAATGCTGTATGC
11 Ryr1
Fw GACAATAAGAGCAAAATGGC
Rv CTTGGTGCGTTCCTGATCTG
12 Serca1
Fw GCTCATGGTCCTCAAGATCTCAC
Rv GGGTCAGTGCCTCAGCTTTG
13 Clcn1ex7A(+)
Fw TGTCTATGAGACCGTGCCTG 50 nM
Rv GTGTAATAGTATGGCTGCTCCA 50 nM
14 Clcn1ex7A(−)
Fw GTTCTCTGGTGTCTATGAGCAGCC 300 nM
Rv AGCACTCCTCCAAGTGGTGTTC 300 nM
15 Gapdh
Fw ACCCAGAAGACTGTGGATGG 50 nM
Rv ACACATTGGGGGTAGGAACA 50 nM
45 
 
3  
 
DM CLCN1 mRNA
CLCN1 19
DM1 HSA
LR
Clcn1 7A
8, 21 Clcn1
7A 5' 25 +1+25 7A
3-1 A COS-7
 
C2C12
 
3.1 C2C12  
C2C12 +1+25 7A
C2C12 Clcn1
Clcn1 pClcn1 3-1 B pClcn1
EGFP Clcn1 6 7
7A
3-1 C 63 pClcn1 2'-O
2OMePS 1-3 B C2C12 Clcn1
+1+25 2OMePS 7A 5'
- 10+15 2OMePS +1+25
Control 2OMePS +1+25 2OMePS 10+15 
2OMePS Control 7A 3-1 C
2OMePS +1+25 2OMePS
7A 3-1 C  
3.2  
PMO
25 
 
+1+25 PMO 60 g HSA
LR
TA
1 1 4 1
2 3 TA RT-PCR Clcn1
3-2
Clcn1 7A
 
+1+25
PMO
 
3.3 PMO  
PMO 0 2.0 W/cm
2
50% 1 TA
1% 5 ml/kg 24 TA
1.5 W/cm
2
2.0 W/cm
2
3-3 A 64
2.0 W/cm
2
2.0 W/cm
2
 
5 +1+25 PMO
HSA
LR
TA  
  
  
 +1+25 PMO  
 +1+25 PMO  
 +1+25 PMO  
1 +1+25 PMO 20 g 50% 1
1 1 3 3 TA
Clcn1  
+1+25 PMO
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7A 7A
+1+25 PMO
PMO
3-3 B  
3.4 +1+25 PMO  
+1+25 PMO 20 g 1 3
HSA
LR
TA 3
TA
 
TA
3-4 A HSA
LR
+1+25 PMO
3-4 B
HSA
LR
 
0 V 10 V
iEMG 3-4 C
iEMG
+1+25 PMO iEMG
TA
4 V 7 V
iEMG/sec
P = 0.17
+1+25 PMO P < 0.05 3-4 
D  
TA total RNA RT-PCR
+1+25 PMO Clcn1 7A
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HSA
LR
Ldb3 11 Mbnl1 5 RyR1 70 Serca1
22 3-5 A, C
PCR Clcn1 7A
Clcn17A(+) Clcn17A( )
+1+25 PMO Clcn17A(+) Clcn17A( )
3-5 B  
TA Clcn1
3-6 TA
Clcn1
21, 65 HSA
LR
+1+25 PMO
 
+1+25 PMO
Clcn1 Clcn1
 
3.5 CLCN1  
+1+25 PMO DM HSA
LR
DM
1-2
- 6B
6 +1+25
3-7 A CLCN1 +1+25
 
DM1 cDNA CLCN1
5 7 PCR DM1 CLCN1N
CLCN16B7A CLCN17A CLCN16D6B7A 3-7 D Clcn1
6B 7A
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CLCN1N CLCN1
3-7 B
6B 7A 2OMePS
 
CLCN1 EGFP
CLCN1 5 7
pCLCN1 3-7 C pCLCN1 HEK293
CLCN16B7A CLCN17A CLCN16D6B7A CLCN1N
3-7 D CLCN15-7
cDNA CLCN15-8
1-2 19  
HEK293 FuGENE6.0 pCLCN1 12 16
Lipofectamine 2000 0 5 20 100 pmol 2OMePS
48 total RNA RT-PCR pCLCN1
EGFP 7 PCR
3-8 A 100 pmol
CLCN16B7A
7A(+1+25) 5 pmol CLCN16B7A CLCN17A
 
6B 7A
6 7 PCR 3-8 B
20 pmol PCR
3-8 C 5
CLCN16B7A CLCN17A
7A 7A(+1+25) 7A( 14+11) 7A(+1+25)
7A CLCN1N CLCN16B7A
7A 6B
PCR 3-8 B
7A 25
CLCN1
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A
0 1 2 5 10 0 1 2 5 10
+1+25 −10+15
(pmol)
- Exon 7A(+)
- Exon 7A(−)
Exon 7A
1 79
+1+25
Clcn1
−10+15
EGFP
Clcn1
4 5 6 7A 7 8
pClcn1
C
o
n
tr
o
l
−1
0
+1
5
+1
+2
5
- Exon 7A(+)
- Exon 7A(−)
20 pmol
B
C
3-1 C2C12
A +1+25
B) pClcn1
C) 2OMePS Clcn1 C2C12 pClcn1
2OMePS pClcn1
30 
 
  
Control +1+25
PMO
0
50
100
Control +1+25
PMO
0
10
20
*
Ex
o
n
 7
A
(%
) (%
) n.s.
RT-PCR
29
HSALR
33 wo
60 g PMO)
3-2 +1+25 PMO
60 g +1+25 PMO 4 1 RT-PCR
7A
Student t Control,
n = 4; PMO, n = 5; *, P < 0.05; n.s.,
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0 W/cm2 1.0 W/cm2
1.5 W/cm2 2.0 W/cm2
3-3
A TA 1
50% 1%
24 0 1.0 1.5 W/cm2
2.0 W/cm2
B
20 g +1+25PMO
1 3 3 RT-PCR Clcn1
7A
Tukey n = 3; **, P < 0.01; *, P < 0.05
PMO −
−
−
−
+
+
+
−
+
+
+
−
+
+
+
0
10
20
30
Ex
o
n
 7
A
(%
)
RT-PCR
6
HSALR
11 wo
（20 g PMO）
B
A
*
**
**
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-0.01
0
0.01
0.02
0.03
0.04
0.05
0 5 10
iE
M
G
Stimulation (V)
Saline PMO
0
1
2
3
4
0 5 10
D
u
ra
ti
o
n
 (
s)
Stimulation (V)
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.2
0
0.2
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.2
0
0.2
P
o
te
n
ti
al
 [
m
V
]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.1
-0.05
0
0.05
0.1
Time [s]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.2
0
0.2
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.2
0
0.2P
o
te
n
ti
al
 [
m
V
]
Time [s]
WT (9 V)
HSALR (5 V)
A B
C
iEMG/sec
Saline PMO
0
1.0
n.s.
[s]
Duration
Saline PMO
0
0.01
*
[mV]
D
3-4 +1+25 PMO
A HSALR TA 1 200
3 3SD
iEMG B WT TA 9 V
C
D C
2
+1+25 PMO iEMG/sec Student t
Saline, n = 6; PMO, n = 7; *, P < 0.05; n.s.,
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Ldb3
Mbnl1
RyR1
Serca1
Saline PMO WT
HSALR
- Exon 11 (+)
- Exon 11 (−)
- Exon 5 (+)
- Exon 5 (−)
- Exon 70 (+)
- Exon 70 (−)
- Exon 22 (+)
- Exon 22 (−)
0
10
20
Ex
o
n
 7
A
 
(%
) ***
Tukey's t-test
(n = 6, *** P < 0.001)
Saline PMO WT
HSALR
- Exon 7A (+)
- Exon 7A (−)
B C
A
0
1
2
saline PMO WT
m
R
N
A
0
1
2
m
R
N
A
HSALR
*
**
**
Exon 7A (−)
Exon 7A (+)
3-5 +1+25 PMO
A RT-PCR Clcn1 +1+25PMO 7A
WT B PCR Clcn1
+1+25PMO 7A
7A
C HSALR
Clcn1 +1+25 PMO
Saline Tukey n = 6; ***, P < 0.001; **, P < 0.01;
*, P < 0.05
34 
 
Saline PMO WT
HSALR
an
ti
-C
LC
N
1
100 μm
w
/o
 1
st
A
b
3-6 +1+25 PMO Clcn1
HSALR TA Clcn1 WT
HSALR
+1+25PMO Clcn1
w/o 1st Ab
35 
 
3-7 CLCN1
A) Clcn1/CLCN1 6/6B 7A
+1+25
1 B) CLCN1
C) CLCN1 pCLCN1 D) HEK293 pCLCN1
CLCN1 PCR
pCLCN1
CLCN15-7
B
CLCN1 5 6 76B 7A
6B(−8+17)
6B(+30+54)
7A(+1+25)
7A(−14+11)
7A(+63−8)
129 bp 78 bp 55 bp 79 bp 79 bp
C
D pCLCN1 Control DM1
5 6 7 CLCN1N
5 76B 7A CLCN16D6B7A
5 6 76B 7A CLCN16B7A
5 6 77A CLCN17A
CLCN15-75 7
EGFPpClcn1
CLCN1
4 5 6 6B 7A 7 83
gtcgtgcttctctgttgcagACCGTGCCTGGGCAGCTTGATCTCCTGGTGCCAGCCTGTGCAGTG
|||||||||||||||||||||||||||||||||||||| ||||||||| | ||||||||||||
cgcgtgcttctctgttgcagACCGTGCCTGGGCAGCTTGACCTCCTGGTGTCGGCCTGTGCAGTG
+1+25A
Exon 7AIntron 6/6B
36 
 
  
6
B
(+
3
0
+5
4
)
6
B
(−
8
+1
7
)
7
A
(+
1
+2
5
)
7
A
(−
1
4
+1
1
)
7
A
(+
6
3
−8
)
C
o
n
tr
o
l
0 pmol
5 pmol
20 pmol
100 pmol
A
CLCN1N
CLCN16D6B7A
CLCN16B7A
CLCN17A
CLCN15-7
B
6
B
(+
3
0
+5
4
)
6
B
(−
8
+1
7
)
7
A
(+
1
+2
5
)
7
A
(−
1
4
+1
1
)
7
A
(+
6
3
−8
)
C
o
n
tr
o
l
CLCN1N
CLCN16B7A
CLCN17A
0
0.05
0.1
0.15
0.2
0.25
C
LC
N
1
6B
7A
 /
G
FP
0
0.2
0.4
0.6
0.8
C
LC
N
1
7A
/G
FP
0
0.5
1
1.5
2
2.5
C
LC
N
1
N
/G
FP
C
20 pmol 20 pmol 20 pmol
** **
**
**
**
**
*
**
EGFP
3-8 CLCN1
A-B) HEK293 pCLCN1 2OMePS pCLCN1
EGFP 7 A 6
7 B PCR C) 2OMePS 20 pmol
B
GFP 7A(+1+25)
Dunnett n = 3; **, P < 0.01; *, P < 0.05
CLCN1N
CLCN1N
CLCN1N
37 
 
4  
4.1  
DM
66
DM DM
CLCN1
19, 21 Clcn1
DM1
14+11
21 Clcn1
+1+25
 
+1+25 PMO Wheeler 14+11 PMO
CLCN1
7A(+1+25) 7A( 14+11) 7A(+1+25)
+1+25 7A
cis SR
SR exonic splicing enhancer ESE
7A(+1+25) ESE WEB ESE
ESEfinder 3.0 67 ESE 7A(+1+25)
ESE 4-1 Clcn1/CLCN1
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4.2 Clcn1  
HSA
LR
TA Clcn17A( )
6 CLCN1
20 Clcn1 68
75% Clcn1
（69） HSALR Clcn1
 
3
CLCN1/Clcn1
mRNA
Berg CLCN1 CLCN16B7A
CLCN16D6B7A
（70）
RNA NMD
 
Clcn1/CLCN1
HSA
LR
TA
 
DM1 CLCN1
CLCN1
（71）
SCN4A
DM1 SCN4A
39 
 
CLCN1 DM1
CLCN1
 
4.3 CLCN1  
CLCN1 Clcn1
6B 7A 7A(+1+25)
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